Abstract Combining datasets into larger and separate datasets is becoming increasingly common, and personal identifiers are often removed in order to maintain participant anonymity. Views of research participants on the use of deidentified data in large research datasets are important for future projects, such as the Precision Medicine Initiative and Cancer Moonshot Initiative. This quantitative study set in the USA examines participant preferences and evaluates differences by demographics and cancer history. Study participants were recruited from the Northwest Cancer Genetics Registry and included cancer patients, their relatives, and controls. A secure online survey was administered to 450 participants. While the majority participants were not concerned about personal identification when participating in a genetic study using de-identified data, they expressed their concern that researchers protect their privacy and information. Most participants expressed a desire that their data should be available for as many research studies as possible, and in doing so, they would increase their chance of receiving personal health information. About 20% of participants felt that a link should not be maintained between the participant and their de-identified data. Reasons to maintain a link included an ability to return individual health results and an ability to support further research. Knowledge of participants' attitudes regarding the use of data into a research repository and the maintenance of a link to de-identified data is critical to the success of recruitment into future genomic research projects.
Introduction
The practice of creating large databases has become increasingly common by adding or combining research participants' data into larger repositories. This enables genome-wide association study type analyses to be done with adequate sample sizes. This idea of combining datasets into larger and separate datasets, called data sharing, is often not in the original consent process of the smaller studies. Therefore, in order to maintain participant anonymity, personal identifiers are removed to de-identify the data and a coded link may be kept between a participant's data and his/her identity to allow for possible future clinical updates, longitudinal epidemiologic studies, or the return of individual research results.
Views of research participants regarding the contribution of their de-identified data to these large research datasets are critical to the success of future projects, such as the Precision Medicine Initiative and Cancer Moonshot Initiative. Previous qualitative studies using focus groups ) and phone interviews (Jamal et al. 2014; Lemke et al. 2010 ) have yielded somewhat conflicting results. These studies have found that most research participants agree that the benefits of data sharing outweigh the potential risks ). However, they are concerned that their personal information or identity may be extracted from their genomic data (Jamal et al. 2014; Lemke et al. 2010) and have misgivings about sharing their data with for-profit companies or other researchers (Lemke et al. 2010) . Participant views on the maintenance of a link with de-identified data are not known.
This quantitative study measures the preferences regarding the addition of data to a research repository and views about the oversight and sharing of de-identified genomic data in a group of research participants from the Participants Issues and Expectations Project (PIP) (Collins and Varmus 2015) . In addition, we will investigate whether these views differ by factors including participant demographics, history of cancer, or participant status (cases vs controls vs relatives).
Materials and methods
The source population for the Participant Issues and Expectations Project (PIP) was the set of individuals (n = 3909) enrolled in the Northwest Cancer Genetics Registry (NWCGR) in 1999, part of a national network designed to specialize in the study of inherited predisposition to cancer. The NWCGR has been described elsewhere (Condit et al. 2015) . This included people with cancer recruited from Western Washington (n = 2027), first-degree relatives of cases (n = 451), controls who were recruited from a random population sample from W. Washington (n = 527), and people who self-referred in response to community awareness efforts and included both people with and without cancer (n = 904 total; 340 with cancer). Self-referrals with cancer were grouped with cases, and those without were grouped with the controls. Letters, including informed consent, were sent by US mail in 2013 inviting the enrolled individuals to take the online, confidential survey. Up to three invitations were sent to participants at approximately two-week intervals.
Development of the PIP survey
The purpose of the survey was to document the range and frequency of occurrence of concerns and expectations regarding participating in human research studies, including genomic and family studies. Detailed methods for this study, including the survey instrument, have been published previously (Goodman et al. 2016) . Briefly, the survey instrument had a total of 22 questions, divided into six general topic areas: decision to participate in research; relationship between researchers and participants; re-consent and broad consent; return of results; use and security of de-identified data; and family communication of health issues. The types of response categories included either yes/no/not sure options, Likert-scales (e.g., 5-point scales rating agreement, likelihood, or importance of the statement with a sixth Bdon't know^or Bit depends^option), or categorical responses. We report here the results of the items related to the use of a research respository and security of de-identified data.
The survey was confidential, not anonymous, using a unique identification number for each participant, and participants were free to skip any questions that they did not wish to answer. Each participant was provided an individual URL to access the secure survey instrument. Links to each individual survey and the participant's NWCGR data were retained to reduce the length of the survey and to allow us to utilize existing demographic and other participant information.
All study procedures were approved by the University of Washington's Human Subjects Division, and also by the University of California, Irvine Institutional Review Board. All participants provided informed consent prior to participation.
Statistical analysis
Responses to all questions were summarized using frequency distributions and compared by participant type (i.e., cases, controls, relatives). For ordered data, ordinal logistic regression was used to assess the association between participant characteristics and attitudes regarding the addition of their personal data into a bio-repository or the maintenance of a link to their de-identified data. In this approach, several cumulative logits are modeled using all possible cut points of the dependent variable, and a single summary odds ratio (OR) and 95% confidence interval describing the relationship between the dependent and independent variable is estimated. Comparisons were adjusted for age, gender, and education as appropriate.
For non-ordered responses, multinomial logistic regression was used to test for differences among groups of participants in their preferences pertaining to the person or agency responsible for maintaining a link to de-identified data and reasons for maintaining a link to de-identified data (nominal-dependent variables). A relative risk ratio (RRR) comparing the likelihood of each answer choice to that of a reference choice, along with a corresponding 95% confidence interval and p value are obtained.
Participant characteristics examined for all questions included status (cases vs controls vs relatives), age (years), gender (male vs female), marital status (not currently partnered vs partnered), diagnosis of cancer at baseline (yes vs no), diagnosis of cancer at follow-up (yes vs no), and stage of cancer for cases reported at either baseline or follow-up (stages 3 and 4 vs stages 1 and 2). R version 3.3.0 was used for all analyses; the polr function (MASS package) and mlogit function (mlogit package) were used to implement the regression models (R Core Team 2015) . A p value ≤0.05 was considered statistically significant for all tests. Sample sizes varied slightly by question since participants were allowed to skip any question they did not wish to answer.
Results
As shown in Table 1 , about half of the 450 research participants were cases (n = 228), one third were controls (n = 155), and the remainder were relatives (n = 67), compared to the original registry distribution of 50.7% cases, 27.3% controls, and 22% relatives. Overall, the average age was 63.6 years, and the majority of participants were white (94.7%) and well educated, with over 60% having a college degree. Among those participants with cancer at the initial enrollment into the parent study (baseline), melanoma was the most frequent cancer type (29.5%), followed by thyroid cancer (18.3%), and breast cancer (15.5%). Thirty-five research participants without cancer at enrollment into a parent study reported a cancer at the time of this survey (follow-up).
Addition of data to a research repository
When asked about factors related to the decision to make personal data available to a research repository, the majority of participants indicated that it is very important or somewhat important that their samples and information be available to as many research studies as possible, and that by sharing their data with a research repository, they would increase the chance that they would learn health information about themselves (Table 2) . Younger participants were significantly more likely to feel these were important factors in their decision to add their data to a research repository compared to older participants (OR = 0.97; 95% C.I. = 0.95-0.98 and OR = 0.97; 95% C.I. = 0.96-0.99, respectively). Compared to those without cancer, participants with a history of cancer at baseline were significantly more likely to want their information and samples available to as many research studies as possible (OR = 1.56; 95% C.I. = 1.04, 2.33) (data not shown). Equally as important to most participants was that their privacy and information be protected, and the importance of this increased slightly with increasing age (OR = 1.05; 95% C.I. = 1.03-1.07). Stratification by gender, marital status, stage of cancer, or subject type (case, control, or relative) did not materially alter these findings (data not shown).
Maintaining a link to de-identified data
While about one fifth of respondents felt that there should not be a link between them and their de-identified data, most felt that if such a link was to be maintained, the original researcher would be responsible for its maintenance (Table 3) . When asked about the importance of maintaining a link, respondents were divided between an ability to return individual health results and an ability to support further research. The majority of participants agreed that the researchers who use the data share the ethical responsibilities with the original researchers, and results generated from the data should be reported to the repository to allow the return of results. More than half the participants were either not very concerned or not at all concerned about being personally identified when participating in a genetic study using de-identified data, and most participants felt that having their financial identity stolen would be worse than having their genetic information stolen. As shown in Table 4 , a comparison by participant characteristics found that controls were significantly more likely than cancer cases to agree that all researchers who use data from a research repository have an ethical obligation to return results to the research participants (OR = 1.86; 95% C.I. = 1.08-3.20). In addition, stage of cancer was significantly associated with the belief that the return of results is the ethical responsibility of all investigators using research repository data (OR = 4.05; 95% C.I. = 1.18-13.91). These results did not differ by age, gender, marital status, or history of cancer. As shown in Table 5 , older participants were less likely to believe that no link should be maintained between their identity and their de-identified data (RRR = 0.97; 95% C.I. = 0.94-0.99). In addition, older participants and controls (vs cases) were more likely to endorse the importance of maintaining a link to de-identified data to allow participation in future studies rather than being able to have their personal health information returned to them (RRR = 1.02; 95% C.I. = 0.94-1.00, RRR = 1.82; 95% C.I = 1.13-2.91, respectively). In contrast, participants with cancer at baseline were significantly less likely to prioritize the maintenance of a link to de-identified data to allow participation in future studies rather than obtaining personal health information (RRR = 0.58; 95% C.I. = 0.38, 0.90) ( Table 6 ). No significant differences were seen by gender, stage of cancer, or marital status.
Sharing research data
Research participants were most comfortable sharing their research data with other researchers at the same university and non-profit organizations such as The American Cancer Society, followed by researchers at other universities in the USA (Table 7) . Participants were least comfortable sharing their data with any researcher who requests the information and for-profit, private organizations such as pharmaceutical companies. Older age was significantly associated with a decreased willingness to share research data with non-profit organizations and any researcher who requests the information (OR = 0.96; 95% C.I. = 0.94, 0.99 and OR = 0.98; 95% C.I. = 0.97-1.00, respectively). No significant differences in willingness to share research data were seen when responses were stratified by participant type (i.e., cases, controls, relatives), gender, marital status, or history, or stage of cancer (data not shown).
Discussion
This study found that over half of research participants were not concerned about the risk of personal identification from the addition of their de-identified genetic data to a shared database, and most participants felt that having their financial identify stolen would be worse than having their genetic information stolen. This is consistent with other studies that have found that while participants expressed concern about maintaining privacy if their personal information was added to a bio-repository, and even felt that it was inevitable their confidentiality would be breeched, the majority expressed that the benefits of pooled data outweigh the potential risks to their privacy Jamal et al. 2014; Lemke et al. 2010; McCarty et al. 2011) . Consistent with others (Trinidad et al. 2010 ), this population expressed that while it was important that their privacy and information be protected, having their information available to many research studies is important to them. It has been shown that participants underestimate the extent to which bio-banked data is shared (Kaufman et al. 2009; McCarty et al. 2007; Ormond et al. 2009; Okun and Schultz 2003) and it is possible that this contributes to their favorable attitude toward using their pooled data.
This study demonstrated that the decision to make personal data available to a research repository is influenced by the participants' desire to acquire health information about themselves. This study did not specifically ask whether Bacquiring health information^meant that research participants expected the return of their individual research results or a summation of research findings at the conclusion of the study. However, because most participants agreed that a link to de-identified data should be maintained to allow the return of their individual health results, we can extrapolate that they in fact expect the return of their individual genetic results. Currently, the deidentification of data limits the ability of researchers to return individual results to participants (Budimir et al. 2011) , and which, if any, individual genetics results should be returned to research participants is highly debated (Budimir et al. 2011) . It is important that researchers understand that the return of individual results is an important motivation for data sharing among participants and research participants must be properly educated about the likelihood that personal results will be returned. It is also important to consider whether the responsibility for the return of results lies with the researcher who has analyzed the data or with the registry that has provided the data. In the cancer registry from which this study population is drawn, individual results were not returned to participants because the testing was not conducted in a Clinical Laboratory Improvements Amendments (CLIA)-approved laboratory. While others have shown an increased willingness to share personal data with increased age (Trinidad et al. 2010) , this study found a direct association between age and the importance of protecting privacy and information when deciding to allow data for a research repository. It is possible that our result is due to the narrow age range in our study population. Most participants in this study agreed that a link to deidentified data should be maintained to support further research. Consistent with greater privacy concerns, there was a small but significant inverse association between age and the belief that a link should never be maintained. However, increasing age was also associated with the belief that a link should be maintained to support further research. Others have shown that social volunteer motivation increases with age (Okun and Schultz 2003) and this may explain the increased altruistic view related to the necessity of data linkage to allow for future studies. Inclusion of a wide age range of study participants is necessary to improve the generalizability of research findings. An awareness of differences in willingness to share data related to participant age is important to recognize. Data-sharing plans and recruitment efforts should be tailored by age to provide appropriate education about the protection of privacy and information while recognizing an altruistic motivation for research participation. While these participants favored data sharing in order to make as much information as possible available for research, this altruistic motivation was significantly greater among those with a history of cancer. It may be that participants previously affected by cancer feel a more urgent need for future research compared to an unaffected population. Although others have shown that altruism is not a motivation among cancer patients who participate in clinical trials (Daugherty et al. 1995) , we found that participants with a history of cancer were significantly more likely to endorse maintaining a link to data in order to support future research rather than to gain personal health results. It is likely that this difference is explained by that fact that our study participants were enrolled from a cancer registry and were not participating in a clinical trial for cancer treatment.
Others have shown that it is important to research participants that they feel they have control over which researchers have access and use their data (Jamal et al. 2014; Lemke et al. 2010 ). This study found that other than the original researcher, participants were most comfortable sharing their pooled data and information with other researchers at the same university and non-profit organizations, followed by researchers at other universities in the USA. Also consistent with others (Hoeyer 2012; Steinsbekk et al. 2013; Caulfield et al. 2014) , research participants were least comfortable having their information shared with for-profit, private organizations. Possible reasons for this varying level of comfort with data sharing may be due to a mismatch participants feel between their altruistic motivations and the financial incentives of the private organizations (Trinidad et al. 2010) , they feel that for-profit companies are not interested in the public good and they question if the for-profit company may use their data in a morally problematic manner (Lemke et al. 2010) . It has also been noted that participants feel that the involvement of for-profit industries with data sharing may limit the return of individual results and decrease public available of the health benefits resulting from private research (Caulfield et al. 2014) . In this population, divorced or separated participants were significantly more likely to view the need for a federal coordinating center, rather than the original researcher, to maintain the link to their deidentified data. Views concerning the sensitivity of genetic data have been previously shown to vary by marital status: divorced, widowed, separated, or never married participants are significantly more likely to endorse restricted rather than public data access (Shabani et al. 2014) .
It is important to improve research participant trust by increased education regarding the scientific benefits of sharing data with commercial recipients, the safeguards commercial users have in place to protect the participants' privacy, as well as the contribution of some industry leaders to major scientific advances using shared data, including bringing therapies and products to market (Haddow et al. 2007 ). Future research is needed to understand the aspects of sharing data with forprofit companies that impacts participant trust. This study has several limitations. While perceptions about sharing genetic data have been shown to differ by race and education (McGuire et al. 2011) , this study population was limited to a highly educated and mostly white group of older adults, and we were unable to evaluate these possible variations in beliefs. Although 35 participants in the control group reported cancer at baseline and 35 participants without cancer at baseline reported cancer at the time of the survey, we still found significant differences between cases and controls in attitude regarding maintaining a link to de-identified data. While some differences were seen by stage of cancer, these findings were based on small numbers and further conclusions are not possible. We were unable to evaluate preferences related to the use of de-identified genomic data by cancer site because of small numbers for most cancer types. Finally, because this study includes participants from a long-standing research population, selection bias may positively influence their attitudes about data sharing and de-identified data.
The numbers of research repositories are steadily increasing and the scientific benefits of open data sharing are enormous. This, however, must be weighed against the ethical concerns posed by the use of shared data. Knowledge of research participants' attitudes regarding the addition of their data into a research repository and the maintenance of a link to their de-identified data are critical to the success of recruitment into future genomic research studies. Participant beliefs regarding data sharing and de-identification vary by participant characteristics, and these differences are critical to consider for successful recruitment for future research. Additional studies are also needed to compare attitudes regarding the use of large-scale, shared databases and the associated confidentiality concerns among all stakeholders, including the research participants, investigators, and funding agencies in order to achieve common ground and successfully advance genomic research.
